The design of fully or partly defined media for mycoplasma cultivation involves the need to provide the essential lipids, cholesterol and long-chain fatty acids, in an assimilable and nontoxic form. This study introduces cyclodextrins (CDs) as carriers of these lipids, thus suggesting alternatives to serum or bovine serum albumin (BSA). The effects of 13-CD and two forms of chemically modified 13-CD, dimethyl-j3-CD (Dimeb) and hydroxypropyl-13-CD (Hyprob), on the growth of Mycoplasma capricolum and Acholeplsma laidlawii were investigated in a basal medium as well as in serum-and BSA-supplemented media. 13-CD was found to inhibit the growth of the sterol-requiring M. capricolum in both serum and BSA media, but it stimulated the growth of the sterol-independent A. laidlawii. Inhibition by 13-CD was explained by its capacity to form a water-insoluble CD-cholesterol complex, thus rendering it unavailable to the cells. Dimeb, despite its strong complexing ability for lipids, was found to be toxic to all mycoplasma species in both liquid cultures and agar diffusion susceptibility tests. In sharp contrast to 13-CD and Dimeb, Hyprob (with a degree of substitution of 4.2) added at 5 and 10 mM to a basal medium supplemented with lipids permitted growth of M. capricolum. Comparison of growth curves in the two conventional serum and BSA media with those in two Hyprob media revealed comparable growth and growth rates.
The mollicutes, commonly known as mycoplasmas, are minute and wall-less bacteria with limited biosynthetic capabilities; consequently, they are known to need a wide array of precursor molecules for macromolecular syntheses (11) . These nutritional requirements are satisfied for most mycoplasmas by a rich and complex medium supplemented with serum. The latter provides the needed lipids (3, 16) . However, the development of either a fully or partly defined medium such as a serum-free medium would obviously be of great biotechnological interest. Indeed, as the serum itself may be a source of contaminant mycoplasmas and inevitably introduces a considerable amount of foreign proteins, avoiding it will not only minimize contamination risks but also greatly facilitate purification of any protein product from the pure mycoplasma culture. Such serum-free media must provide inter alia for the essential lipids such as cholesterol and lipid precursors such as palmitic and oleic acids. In fact, the requirement for a sterol constitutes a major taxonomic criterion in differentiating the genera Mycoplasma and Acholesplasma: while species in the former genus require an exogenous sterol for growth, those in the latter do not. However, devising such media is difficult, as the lipidic components must be provided in an assimilable and nontoxic form (11) . Indeed, while cholesterol is extremely insoluble in water (it has a critical micellar concentration of 15 ,ug/liter and a maximum aqueous solubility of only 1.8 mg/liter [5] ), long-chain unsaturated fatty acids cause lysis of mycoplasmas at low concentrations (11) . Attempts to circumvent these shortcomings include (10) the frequent use of defatted or plain bovine serum albumin (BSA) or a partially purified serum fraction as the binding agent. Use of phospholipids in the form of either dispersions (9) or liposomes (2), waterdispersible fatty acid esters (1) , and phosphomannan (1, 11) * Corresponding author.
was also reported for the same purpose. Recently, cyclodextrins (CDs) were introduced as binding agents of lipids in the cultivation of animal cells (13) .
CDs (13) are nonreducing cyclic oligomers of 1,4-at-Dlinked glucose units, enzymatically produced from starch. The main natural CDs consist of six, seven, or eight glucose molecules, forming a-, 13 -, and -y-CDs, respectively. Chemically modified CDs, obtained via substitution of the free glucose hydroxylic groups such as dimethyl-13-CD (Dimeb) and hydroxypropyl-1-CD (Hyprob), are all available commercially. The molecular structure of CDs is doughnutshaped, with a hydrophilic shell and an apolar cavity. A most remarkable feature of CDs is their ability to accommodate in their cavities suitably sized organic molecules, such as sterols and fatty acids, and, consequently, to form soluble or insoluble inclusion compounds. For instance, while ,3-CD forms an insoluble complex with cholesterol (4, 7, 8) , Dimeb considerably enhances the aqueous solubility of the sterol up to 10 g/liter (7, 8) .
The present study was aimed at investigating the effect of the type of CD and its concentration on the growth of Mycoplasma capncolum, which requires both sterol and long-chain fatty acids, and Acholeplasma laidlawii, which requires only fatty acids, in both serum-free and serum-or BSA-containing media. CD powder. All media were then filter sterilized (0.45-,mpore-size filter), and volumes (50 ml) of the BSA-or CDcontaining medium were further supplemented with 100, 20, and 10 ,u1 of ethanolic solutions of cholesterol (10 mg/ml), palmitic acid (50 mg/ml), and oleic acid (100 mg/ml), respec- tively.
MATERIALS AND METHODS

Materials
The basal Edward medium consisted (per liter) of 13 g of heart infusion broth (Difco), 5 g of peptone (Difco), 7 g of yeast extract (Difco), and 2.5 g of NaCl, and its pH was adjusted to 8 prior to sterilization. This medium was subsequently supplemented with penicillin G (400,000 U/liter), sterile 1 M K2HPO4 solution (1%, vol/vol), filter-sterilized 1 M glucose solution (1%, vol/vol), and 5% (wt/vol) thallium acetate solution (0.7%, vol/vol).
Growth experiments. The final growth medium (2.5 ml per 9-ml test tube) was inoculated with 25 ,ul of either a stock culture kept at -70°C or a 20-h-grown culture. The test tubes were incubated at 37°C without agitation. Growth was monitored by measuring the A640.
To visually detect the inhibitory effect of CDs, an agar diffusion technique was employed: Whatman filter paper (no. 1) disks (diameter, 6 mm), previously autoclaved, were impregnated with 20, 50, and 100 pul of a 100-mg/ml CD solution and subsequently placed on well-inoculated, serumsupplemented agar plates.
RESULTS
In parallel to monitoring growth turbidities, great care was taken to monitor the growth of mycoplasmas by seeding proper dilutions of the cultures onto agar plates and confirming the presence of mycoplasma colonies under a stereomicroscope. Furthermore, as CDs may form crystalline complexes with medium components (see above), uninoculated test tubes with CDs were also incubated along with the inoculated tubes in order to detect precipitated or suspended solids. At the concentration of CDs and lipids employed in this study, all uninoculated media remained visibly clear, in contrast to the definite opacity due to mycoplasma growth.
Effect of n-CD on growth of mycoplasmas. The addition of 1-CD to HS-supplemented basal Edward medium dimin- ished the growth of M. capricolum and totally inhibited that in BSA-supplemented medium ( Table 2 ). Increasing the 1-CD concentration to 10 mM prevented the growth of the sterol-requiring mycoplasma in both media. In contrast, Table 2 shows that the growth of A. laidlawii was not only not diminished in the presence of 5 and 10 mM 3-CD but intensified.
Effect of Dimeb on growth of mycoplasmas. Growth curves ofM. capricolum in Hyprob medium. Figure  2 shows growth curves of M. capricolum in the conventional HS and BSA (supplemented with lipids) media as well as in the basal Edward medium supplemented with lipids and 5 or 10 mM Hyprob. Each medium was inoculated with 0.06% (vol/vol) of a culture grown (20 h) previously in the same medium, thus minimizing adaptation effects. Even though the inocula were not strictly equal, the media with HS and Hyprob (5 and 10 mM) ultimately permitted a comparable rich growth, while the BSA medium was somewhat inferior. Focusing on the growth curves of Hyprob medium, it appears from their slopes in Fig. 2 that the higher Hyprob concentration (10 mM) promoted mycoplasma growth at a faster rate. (Table 2) in the presence of 10 mM 1-CD may be explained by the formation of a too strong 1-CD-cholesterol complex to be available to the microbial cells (13) . Similarly, 13-CD is reported (13) to cause hemolysis of erythrocytes as a result of stripping off their membrane cholesterol via complexation. The formation of 1-CD-cholesterol and its physicochemical characteristics have been widely investigated by Fridrich et al. (4) as well as by Jadoun and Bar (7, 8) . Indeed, we found (7, 8) Dimeb is an equally powerful complexing agent for cholesterol but, unlike 1-CD, it forms a water-soluble complex.
The phase solubility diagram of cholesterol in Dimeb solutions has been studied by Jadoun and Bar (7, 8 In conclusion, the present study has demonstrated the potential of some CDs as defined carriers of lipids in the cultivation of at least several mycoplasmas.
